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ABSTRACT 33 
 The quality of site is important for planted a tree. In terms of forest plantation, site quality 34 
assessment may serve a range of management purposes for optimizing the estimation of the 35 
productivity. The objective of this study was to evaluate the site quality for teak plantation by using 36 
plant indicators species. The study sites were located in 3 teak plantations in Northern Thailand 37 
belonging to the Forest Industry Organization (FIO). Twenty four sample plots were chosen to cover 38 
all the growth classes within the ages of 6-39 years. The site index of teak was established by using 39 
the anamorphic technique which related between dominant height and age at a based age of 30 years, 40 
divided into 3 site index classes as 24, 21, and 18, as good, moderate, and poor site quality type, 41 
respectively. The plant indicator species was classified using the Indicator Species Analysis (ISA) 42 
and Two Way Indicator Species Analysis (TWINSPAN). The understory was classified into 110 43 
species and 38 families. The results of ISA indicated that the significant indicator species under the 44 
class good site were Streblus ilicifolius, Lagerstroemia floribunda, and Dalbergia cana; while 45 
Mimosa pudica fell under the moderate site class, and Dalbergia nigrescens under the poor site class. 46 
The results from TWINSPAN indicated that the understory community could be grouped according 47 
to the area characteristics. In the lowlands, Mae Sa-Roy (MS) and Wang Chin (WC) plantation, 48 
similar understory species were found while different understory species were found in the highlands, 49 
Khun Mae Kham Mee (KM) plantation. Suitable classes to be used as plant indicators could not be 50 
determined for the low and moderate site suitability classes. On the other hand, species indicators for 51 
the good site quality class in KM and WC were Dalbergia cultrata and Croton stellatopilosus, 52 
respectively. To our knowledge, this is the first study reporting on the specific indicators of teak 53 
suitable sites in Thailand.  To prove this result, the study should be conducted in other nearby areas, 54 
especially in the natural forest with teak. However, these indicators can be a guideline for farmers 55 
who are interested in planting teak. In bare land, the farmer can apply theses indicator species to 56 
determine the quality of site from theirs appearing in the past. 57 
 58 
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 60 
INTRODUCTION 61 
Teak (Tectona grandis L.f.) was planted 112 years ago by the Royal Forest Department (RFD) 62 
and more than 50 years ago by the Forest Industry Organization (FIO), to replenish the timber 63 
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resources in Thailand (Kijkar 2000). Initially, the plantation was naturally distributed, especially in 64 
the North, but was expanded to an external distribution with improvements in technology 65 
(Thueksathit 2006).  66 
Timber yield strongly depends on the quality of the forest site (Davis 1987, Skovsgaard and 67 
Vanclay 2008). Accordingly, one of the first steps in the intensive management of forest land is to 68 
determine the site quality. In terms of the site and yield information, a forest manager can estimate 69 
the future wood supplies and make realistic decisions about future costs and benefits of intensive 70 
management, land acquisition, and industrial investment (Carmean 1977, Clutter et al. 1983).  In 71 
Thailand, the site quality assessment has been performed for over 50 years with the most frequently 72 
used indicator being the site index (SI) (Boonthawee 1968, Chanpaisang 1977, Papata 2001, 73 
Prempanichnukul 2001, Srisuksai 2001). It is determined using a direct method defining the actual 74 
growth as an average of  the heights of the dominant and co-dominant trees at a given base age in a 75 
single-species and evenly-aged stand (Ford-Robertson 1971).The same site can return different site 76 
indices, may be as a result of the environmental factors. The indirect or soil-site measurement uses 77 
the soil, topography and climatic factors in an area to correlate with the site index, growth, or yield, 78 
estimated from the trees in each plot (Sahunalu 1970, Srisuksai 2001).  79 
Site quality assessments of the teak plantations are based on site index method and soil survey. 80 
The site index method, however, need the record of teak growth in each site, and it is difficult to 81 
evaluate the site quality and productivity of teak at the site lacking teak growth record and  when we 82 
establish a new teak plantation. As the tree height and many other site properties cannot be measured 83 
easily, the plant indicator species is determined based on the measurement of indicative variables 84 
such as appearance or composition of ground vegetation (Vanclay 1992). This study attempts to 85 
develop a practical site productivity indicator by using plant indicator species, which can be used to 86 
evaluate the site quality and can describe the effects of all factors.   87 
 88 
MATERIALS AND METHODS 89 
Studied Sites and Sampling Plots 90 
The study was conducted in teak plantations maintained by the Forest Industry Organization 91 
(FIO) in the Phrae province, Northern Thailand, which use similar management techniques. The 92 
planted area in all plantations was divided according to the year of planting. The 3 plantations selected 93 
from a total of 12 teak plantations managed by FIO, included the Wang Chin (WC), Khun Mae Kham 94 
Mee (KM), and Mae Sa-Roy (MS) plantations (Figure 1). These plantations cover a wide range of 95 
growth rates and aged trees sizes, in addition,  aged classes were classified, i.e., 6-10, 11-15, 16-20, 96 
21-25, 26-30, and  >30-year old (Table 1). The elevation of the study areas ranged from 100-700 m 97 
above the mean sea level. The topography varies between sites with undulating area from flat to hilly. 98 
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The soil texture is either of the sandy clay loam and clay type derived from a parent rock consisting 99 
of limestone (Table 2). 100 
Twenty four temporary sample plots were randomized in all selected study sites, using a 101 
dominant height growth, covering 5 site index classes, established by the Forestry Research Center 102 
in 1997 (Forestry Research Center 1997) and distributed into 6 age classes. All the plots were studied 103 
for their soil properties during the year 2000 (Sakurai et al. 2002).  104 
 105 
 106 
 107 
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Figure 1 Location of the three study areas, Khun Mae Kham Mee (KM) plantation, Wang Chin (WC) 108 
plantation, and Mae Sa-Roy (MS) plantation as indicated by circles.   109 
 110 
Table 1 The age class of teaks found in twenty-four sample plots in three plantation. The numbers in 111 
bolds indicate the sample plots and the number in brackets were the existing plots. 112 
Age class 
 (year) 
Site indexa  Total  
 8 11 14 17 20 
6-10     1 (1) 1 (1) 2 (2) 4 (4) 
11-15     1 (1) 1 (1)   2 (2) 
16-20        1 (1) 1 (1) 
21-25   2 (2)   1 (2) 2 (2) 5 (6) 
26-30 1 (1) 3 (5) 3 (4)     7 (10) 
>30   0 (3) 2 (8) 2 (5) 1 (4) 5 (20) 
Total 1 (1) 5 (10) 7 (14) 5 (9) 6 (9) 24 (43) 
a as reported by the Forestry Research Center (1997) 113 
 114 
Table 2 The environmental condition: topography (slope and elevation) and soil properties at 0 and 115 
20 cm soil depth; pH, electrical conductivity (EC), total nitrogen (N), organic carbon (C), 116 
available phosphorus (P), exchangeable calcium (Ca), exchangeable potasium (K), 117 
exchangeable magnesium (Mg), exchangeable sodium (Na), of the 24 sample plots from 118 
Khun Mae Kham Mee plantation (KM), Mae Saroy plantation (MS) and Wang Chin 119 
plantation (WC), numbers indicate the planted year (19XX/20XX). 120 
No Plot 
Topography Soil  
depth 
(cm) 
Soil properties 
Slope  Elevation   pH EC  N C P Ca K Mg Na 
(%)  (m)  mSm-1 ------ % ------ mgP kg-1 ------ cmol(+) kg-1 -------- 
1 KM75 50 498.20   0  5.24  5.00  1.10  14.60  3.86  4.99  0.21  1.04  0.30  
 20  5.66  8.10  2.20  25.30  2.28  7.56  0.26  3.33  0.23  
2 KM81 20 348.00   0  6.04  6.00  1.20  14.80  3.37  9.99  0.21  1.90  0.26  
 20  5.79  3.10  1.00  9.40  1.07  9.03  0.10  1.43  0.28  
3 KM85 45 550.00   0  6.11  6.80  1.70  14.50  18.86  7.00  0.34  1.29  0.27  
 20  5.89  3.40  1.10  8.30  1.48  4.27  0.14  1.03  0.28  
4 KM83 0 432.30   0  6.53  11.00  2.10  30.70  12.47  14.85  0.41  3.27  0.32  
 20  6.21  4.80  1.40  14.20  0.73  10.64  0.14  2.31  0.35  
5 KM78 35 426.10   0  6.08  10.30  2.20  33.50  2.84  13.64  0.28  4.82  0.35  
 20  5.59  3.60  1.60  18.00  0.85  6.72  0.11  3.73  0.25  
6 KM05 0 441.00   0  5.93  5.50  1.80  26.70  4.28  9.07  0.37  3.55  0.11  
 20  5.51  2.70  1.20  14.00  0.79  4.92  0.13  2.86  0.32  
7 KM02 0 432.30   0  5.93  5.50  1.80  26.70  4.28  9.07  0.37  3.55  0.11  
 20  5.51  2.70  1.20  14.00  0.79  4.92  0.13  2.86  0.32  
8 KM04 5 453.70   0  5.93  10.00  1.80  26.70  3.55  9.38  0.30  4.23  0.32  
 20  5.60  2.80  0.60  14.80  0.70  6.36  0.13  2.58  0.29  
9 KM01 10 458.20   0  5.93  10.00  1.80  26.70  3.55  9.38  0.30  4.23  0.32  
 20  5.60  2.80  0.60  14.80  0.70  6.36  0.13  2.58  0.29  
10 MS87 5 164.00   0  5.89  3.50  1.50  18.40  7.25  5.20  0.31  3.18  0.21  
 20  5.44  1.80  0.90  7.90  1.70  2.87  0.08  2.11  0.28  
11 MS83 2 136.20   0  5.22  3.10  1.30  14.60  3.58  2.13  0.21  1.46  0.27  
 20  4.91  1.90  1.00  7.00  1.04  1.20  0.12  0.62  0.29  
12 MS80 5 147.40   0  5.39  5.20  1.20  12.40  3.07  3.54  0.19  1.79  0.28  
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 20  5.36  1.80  0.80  7.40  1.80  1.87  0.11  2.39  0.32  
13 MS86 35 175.80   0  5.93  6.00  1.80  24.90  7.54  8.08  0.44  2.21  0.30  
 20  5.06  2.70  1.90  8.20  1.56  4.85  0.25  1.56  0.29  
14 MS82 20 185.30   0  5.69  2.70  1.10  9.50  2.33  2.99  0.20  2.13  0.26  
 20  5.23  1.90  0.90  1.00  1.97  1.77  0.22  0.80  0.29  
15 MS84 30 135.70   0  5.90  5.10  1.10  14.50  13.29    3.88  0.21  1.72  0.23  
 20  5.24  1.90  0.80  6.50  1.64  1.90  0.14  1.00  0.32  
16 WC06 2 142.60   0  5.39  5.20  1.20  12.40  3.07  3.54  0.19  1.79  0.28  
 20  5.36  1.80  0.80  7.40  1.80  1.87  0.11  2.39  0.32  
17 WC83 30 125.90   0  5.22  3.10  1.30  14.60  3.58  2.13  0.21  1.46  0.27  
 20  4.91  1.90  1.00  7.00  1.04  1.20  0.12  0.62  0.29  
18 WC82 15 128.20   0  5.69  2.70  1.10  9.50  2.33  2.99  0.20  2.13  0.26  
 20  5.32  1.60  0.80  11.20  0.86  1.40  0.14  2.07  0.27  
19 WC79 3 177.20   0  6.26  4.20  0.90  12.10  3.34  7.19  0.30  3.08  0.20  
 20  5.60  1.90  0.80  6.70  0.65  5.09  0.16  4.02  0.30  
20 WC89 0 142.00   0  5.74  4.10  1.30  14.00  5.36  4.01  0.16  2.05  0.20  
 20  5.06  2.10  0.80  6.20  1.40  1.08  0.10  1.03  0.27  
21 WC90 3 178.90   0  5.31  4.40  1.40  16.20  4.37  7.61  0.17  4.75  0.32  
 20  5.14  2.30  0.90  7.20  1.23  2.56  0.09  3.91  0.28  
22 WC07 0 155.20   0  5.39  5.20  1.20  12.40  3.07  3.54  0.19  1.79  0.28  
 20  5.36  1.80  0.80  7.40  1.80  1.87  0.11  2.39  0.32  
23 WC92 35 139.90   0  5.52  4.90  1.10  5.60  6.90  3.09  0.19  1.17  0.26  
 20  5.27  1.50  0.50  4.90  4.14  0.47  0.14  0.45  0.26  
24 WC93 30 118.80   0  5.91  5.00  1.60  23.50  13.16  5.11  0.47  2.65  0.34  
 20  5.19  2.60  0.90  8.30       1.17  2.52  0.17  1.28  0.11  
 121 
Data Collection 122 
 The data was collected during the rainy season (August-November, 2013), during which the 123 
highest density of understory was observed. Setting a temporary sample plot of 40 m x 40 m in size, 124 
then, sub-plots of 10 m x 10 m were divided, the height of 16 dominant and co-dominant trees was 125 
measured using a haga altimeter. The diameter at breast height (DBH) of all the trees was measured 126 
by a diameter tape. Five sub-plots of 4 m x 4 m were set up for saplings observation at the corners 127 
and in the middle of the 40 m x 40 plot (Figure 2). Then, the frequency and density of each sapling 128 
plant species was estimated. 129 
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 130 
Figure 2 The experimental design for data collection 131 
 132 
Site Index Analysis 133 
 The site index for teak was determined using the anamorphic site index method (Prasomsin 134 
1991). The method defines an average height for a given age, which is commonly taken as 30 years 135 
for teak rotation. The tree selection was done based on the dominant height, as this measure is 136 
relatively stable and robust over a large range of managed stand densities (Steve 2001, Herrera-137 
Fernández et al. 2004). Many stands had a dominant height and based age of 30-year at the time 138 
which the experiment was conducted. A scatter plot between heights and ages was fitted with a best-139 
fit curve, along with higher and lower envelope curves with a shape similar to the guiding curves 140 
(Donald 1971) and classified into 3 classes as having a good, moderate, or poor site quality.  141 
 142 
Classification of the Understory Characteristics 143 
Twenty four sample plots or stands were analyzed to describe the understory species life in 144 
the teak plantation. In each stand, all the understory species were recorded in the five sub-plots (of 145 
size 16 m2 each). The nomenclature of recorded species wad followed by Smitinand (2014), in 146 
addition, the life form was also included as the understory characteristics. The relative importance of 147 
each of the recorded characteristics was expressed as a relative frequency (RF) calculated for each 148 
species. 149 
 150 
Analysis of Plant Indicator Species  151 
 To develop a species indicator, the presence and absence of each species was first determined 152 
with the second priority being the species frequency. Data matrix of RF was classified using the 153 
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Indicator Species Analysis (ISA) and the Two Way Indicator Species Analysis (TWINSPAN) 154 
available in PC-ORD version 6.08, developed for windows (McCune & Mefford 2011), was used to 155 
identify the site indicators. 156 
 157 
Analysis of the Relationships of Site Index, Environmental Factors and Indicator Species 158 
 Stepwise multiple regression was used to test the additive effects of environmental factors 159 
(table 2) (Bergès et al, 2006) of each site index. The influences of environmental factors on indicator 160 
species occurrence were determined by ordination analysis, Canonical Correspondence Analysis 161 
(CCA) available in PC-ORD version 6.08 (McCune & Mefford 2011). 162 
 163 
RESULTS AND DISCUSSION 164 
Site Index of Teak 165 
Site index of teak was divided into 3 site classes, with 24, 21, and 18, indicating a good, 166 
moderate, and poor site quality, respectively (Figure 3 and Table 3). The number of plots that were 167 
related to good, moderate, and poor site quality were 9, 8, and 7, respectively. 168 
The dominant height of teak trees, aged 30-year, presented in poor, moderate, and good 169 
quality sites, was 18, 21, and 24 m, respectively. In a teak plantation in northern Thailand, it was 170 
reported that poor, moderate, and good quality sites had influenced on 30-year old teak height, 10, 171 
20, and 30 m, respectively (Kaosa-ard 1991). Indicating the site quality for teak plantation in Phrae 172 
province was relatively higher than the overall values reported in the northern Thailand, particular, 173 
for the poor and moderate site quality. On the other hand, the tree height returned for the good site 174 
class was lower than previous reported. This result well corresponded on site quality based on 175 
Chanpaisang (1977) who proposed the teak height  at based age of 30-year and  classified it into 5 176 
site qualities,  14, 17, 20, 23, and 26 m for very poor, poor, moderate, good, and very good, 177 
respectively. The variability in the average DBH, average dominant height, and merchantable volume 178 
of teak was relatively high for each of the site index classes (Table 1). In sample plots with poor site 179 
quality, such as MS83, it was observed that the average DBH was higher than in plots with good site 180 
quality (WC83). This was a direct result of silvicultural management, in which selective thinning is 181 
done when they reach ages of 15 and 22 years, to promote optimum growth of the remaining trees. 182 
Thus, it is important to select a good site with an intensive management to grow teak. 183 
 184 
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 185 
Figure 3 Site index classes for teak in the three plantations located in the Phrae province, Thailand. 186 
KM = Khun Mae Kham Mee plantation, MS = Mae Saroy plantation, 187 
WC = Wang Chin plantation, and numbers indicate the planted year (19XX/20XX) 188 
Table 3 The age, site index class (SI), site quality, average growth (DBH and dominant height) and 189 
merchant volume of teak in the 24 sample plots (see footnotes)  190 
no plot Age 
(year) 
SI site  
quality 
average 
DBH (cm) 
average dominant 
height (m) 
merchant volume 
(m3/hectare) 
1 KM75 39 18 poor 18.51 19.60 25.67 
2 KM81 32 18 poor 23.95 18.50 84.43 
3 KM85 28 18 poor 19.59 17.99 104.94 
4 KM83 30 18 poor 19.19 18.10 42.68 
5 KM78 36 24 good 29.49 27.40 69.02 
6 KM05 8 24 good 12.66 15.95 38.82 
7 KM02 11 24 good 15.92 15.60 81.15 
8 KM04 9 24 moderate 16.51 14.21 63.30 
9 KM01 12 24 poor 12.82 12.70 62.00 
10 MS87 26 18 poor 15.60 16.05 86.19 
11 MS83 30 18 poor 22.79 17.49 93.94 
12 MS80 33 21 moderate 13.50 22.80 50.49 
13 MS86 27 21 moderate 27.66 19.00 109.52 
14 MS82 31 24 good 20.49 23.80 68.99 
15 MS84 22 24 good 17.61 22.30 57.28 
16 WC06 7 24 moderate 10.74 12.70 25.57 
17 WC83 30 24 good 17.42 22.50 60.24 
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no plot Age 
(year) 
SI site  
quality 
average 
DBH (cm) 
average dominant 
height (m) 
merchant volume 
(m3/hectare) 
18 WC82 31 21 moderate 23.27 20.50 56.40 
19 WC79 34 21 good 26.32 23.90 109.80 
20 WC89 24 24 good 16.51 20.60 102.78 
21 WC90 23 24 good 16.85 21.00 95.81 
22 WC07 6 24 moderate 10.91 9.44 22.37 
23 WC92 21 24 moderate 17.96 19.22 85.12 
24 WC93 20 24 moderate 15.62 18.00 63.85 
Remarks: KM = Khun Mae Kham Mee plantation, MS = Mae Saroy plantation, 191 
WC = Wang Chin plantation, numbers indicate the planted year (19XX/20XX) 192 
 193 
Understory Characteristics 194 
 In this study, we included all the plants that grew under the teak stand as constituting the 195 
understory. A total of 110 species from 38 families were classified by their habits into 12 types,  196 
Bamboo (B), Climber (C), Climbing Fern (CF), Exotic herb (ExH),  Exotic shrub (ExS), Grass (G), 197 
Herb (H), Shrub (S), Shrub/Shrubby tree (S/ST), Shrub/Tree (S/T), Tree (T), and Terrestrial Fern 198 
(TerF). Most of the understory comprised of trees (54 species). The dominant family of the understory 199 
was Fabaceae (previously Leguminosae), with a total of 24 species. This observation is consistent 200 
with Boonsri (2016) and Forest Industry Organization (2016), who found Fabaceae as the dominant 201 
family in KM and WC plantations.   202 
The understory was found to exist mostly in either of the 3 conditions which were 1) present 203 
once or twice in one plot (33 species), 2) present more than once with distribution not specific to a 204 
plantation and site index (62 species), and 3) present more than once and specific to the site index (15 205 
species). The understory species found with a relatively high frequency in all the 3 plantations were 206 
Chromolaena odoratum (7.92%), Cratoxylum formosum (4.89%), Lepisanthes rubiginosa (4.89%), 207 
Oroxylum indicum (4.42%), and Imperata cylindrica (3.38%) (Table 3). 208 
 209 
Table 3 List of species, family, habit, and relative frequency (RF) of understory growing in the three 210 
plantations of Phrae Province, Thailand 211 
No Species Family Habit RF (%) 
1 Chromolaena odoratum  ASTERACEAE ExH 7.92 
2 Cratoxylum formosum  HYPERICACEAE T 4.89 
3 Lepisanthes rubiginosa  SAPINDACEAE S/ST 4.89 
4 Oroxylum indicum BIGNONIACEAE ST 4.42 
5 Imperata cylindrica  POACEAE G 3.38 
6 Pueraria candollei  FABACEAE C 2.79 
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7 Vitex canescens  LAMIACEAE T 2.68 
8 Barringtonia acutangula LECYTHIDACEAE ST/T 2.44 
9 Croton stellatopilosus  EUPHORBIACEAE S 2.44 
10 Ficus hispida  MORACEAE ST 2.21 
11 Mitragyna rotundifolia  RUBIACEAE T 2.10 
12 Fernandoa adenophylla  BIGNONIACEAE T 1.86 
13 Dalbergia lanceolaria  FABACEAE T 1.86 
14 Hymenodictyon orixense  RUBIACEAE T 1.75 
15 Gigantochloa albociliata  POACEAE B 1.75 
16 Dalbergia volubilis  FABACEAE C 1.75 
17 Clerodendrum chinense  LAMIACEAE S 1.75 
18 Millettia brandisiana FABACEAE T 1.63 
19 Bauhinia glauca  FABACEAE C 1.63 
20 Mimosa pudica  FABACEAE ExS 1.63 
21 Harrisonia perforata  SIMAROUBACEAE C 1.63 
22 Xylia xylocarpa  FABACEAE T 1.51 
23 Pterocarpus macrocarpus FABACEAE T 1.51 
24 Grewia eriocarpa  MALVACEAE T 1.40 
25 Bridelia ovata  PHYLLANTHACEAE S/ST 1.40 
26 Ziziphus oenoplia  RHAMNACEAE C 1.40 
27 Dalbergia cultrata  FABACEAE T 1.28 
28 Diospyros malabarica EBENACEAE T 1.05 
29 Capparis sepiaria  CAPPARIDACEAE C 1.05 
30 Markhamia stipulata  BIGNONIACEAE T 0.93 
31 Lagerstroemia calyculata  LYTHRACEAE T 0.93 
32 Thysanolaena maxima  POACEAE G 0.93 
33 Combretum procursum  COMBRETACEAE C 0.93 
34 Lygodium polystachyum  LYGODIACEAE CF 0.93 
35 Albizia odoratissima  FABACEAE T 0.81 
36 Streblus ilicifolius  MORACEAE T 0.81 
37 Terminalia nigrovenulosa  COMBRETACEAE T 0.81 
38 Schleichera oleosa SAPINDACEAE T 0.81 
39 Lagerstroemia floribunda  LYTHRACEAE T 0.81 
40 Pterocarpus indicus  FABACEAE T 0.81 
41 Sterculia guttata  MALVACEAE T 0.81 
42 Bauhinia saccocalyx  FABACEAE ST 0.81 
43 Uvaria cordata  ANNONACEAE C 0.81 
44 Artocarpus rigidus  MORACEAE T 0.70 
45 Bombax anceps Pierre MALVACEAE T 0.70 
46 Dalbergia nigrescens  FABACEAE T 0.70 
47 Dalbergia cana FABACEAE T 0.70 
48 Millettia leucantha  FABACEAE T 0.70 
49 Saccharum sp.  POACEAE G 0.70 
50 Setaria palmifolia  POACEAE G 0.70 
51 Helicteres isora  MALVACEAE S 0.70 
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52 Casearia grewiifolia  SALICACEAE T 0.58 
53 Vitex peduncularis  LAMIACEAE T 0.58 
54 Albizia lucidior  FABACEAE T 0.58 
55 Wrightia arborea APOCYNACEAE ST 0.58 
56 Smilax micro-china  SMILACACEAE S 0.58 
57 Streblus asper MORACEAE T 0.47 
58 Cassia fistula  FABACEAE T 0.47 
59 Antidesma ghaesembilla  PHYLLANTHACEAE S/T 0.47 
60 Leucaena leucocephala  FABACEAE S/ST 0.35 
61 Anogeissus acuminata COMBRETACEAE T 0.35 
62 Croton poilanei  EUPHORBIACEAE ST/T 0.35 
63 Microcos paniculata  MALVACEAE T 0.35 
64 Holarrhena pubescens  APOCYNACEAE S/T 0.35 
65 Morinda sp.  RUBIACEAE ST 0.35 
66 Cryptolepis dubia  APOCYNACEAE C 0.35 
67 Derris elliptica  FABACEAE C 0.35 
68 Donax canniformis  MARANTACEAE H 0.35 
69 Clausena harmandiana RUTACEAE S 0.35 
70 Irvingia malayana  IRVINGIACEAE T 0.23 
71 Quercus kerrii  FAGACEAE T 0.23 
72 Homalium tomentosum  SALICACEAE T 0.23 
73 Broussonetia papyrifera  MORACEAE ST/T 0.23 
74 Ardisia polycephala  PRIMULACEAE ST/T 0.23 
75 Siphonodon celastrineus  CELASTRACEAE T 0.23 
76 Antidesma bunius  PHYLLANTHACEAE ST 0.23 
77 Terminalia calamansanai  COMBRETACEAE T 0.23 
78 Alstonia scholaris  APOCYNACEAE T 0.23 
79 Catunaregam longispina  RUBIACEAE S/ST 0.23 
80 Litsea glutinosa  LAURACEAE T 0.23 
81 Bambusa bambos  POACEAE B 0.23 
82 Uvaria rufa  ANNONACEAE C 0.23 
83 Thunbergia laurifolia  ACANTHACEAE C 0.23 
84 Bauhinia bracteata  FABACEAE C 0.23 
85 Arisaema sp. ARACEAE H 0.23 
86 Millingtonia hortensis  BIGNONIACEAE T 0.12 
87 Dalbergia ovata  FABACEAE T 0.12 
88 Glochidion assamicum  PHYLLANTHACEAE S/ST 0.12 
89 Pterospermum semisagittatum  MALVACEAE T 0.12 
90 Bombax ceiba Pierre MALVACEAE T 0.12 
91 Dalbergia oliveri  FABACEAE T 0.12 
92 Terminalia pierrei  COMBRETACEAE T 0.12 
93 Lagerstroemia duperreana  LYTHRACEAE T 0.12 
94 Cratoxylum cochinchinense  HYPERICACEAE T 0.12 
95 Vitex pinnata  LAMIACEAE T 0.12 
96 Eriolaena candollei  MALVACEAE T 0.12 
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Remarks: The acronyms for the habit are; B = Bamboo, C = Climber, CF = Climbing Fern,  212 
ExH = Exotic herb, ExS = Exotic shrub, G = Grass, H = Herb, S = Shrub,  213 
S/ST = Shrub/Shrubby tree, S/T = Shrub/Tree, T = Tree, TerF = Terrestrial Fern. 214 
 215 
Plant Indicator Species 216 
 The results from the Indicator Species Analysis (ISA) indicated significantly indicator species 217 
(P<0.05) that are Streblus ilicifolius, Lagerstroemia floribunda and Dalbergia cana for good site 218 
quality. For moderate and poor site qualities, the indicator species are Mimosa pudica and Dalbergia 219 
nigrescens, respectively. The significant indicator species of the good, moderate, and poor site, 220 
respectively, from the highest to the lowest significant value are shown in Table 4.  221 
 222 
Table 4  The significantly plant indicator species and P Value derived from Indicator Species Analysis 223 
(ISA), significance level including Bonferoni Correction, Sequential Bonferroni and False 224 
Discovery Rates (FDR) 225 
Site Class Indicator SPP. P Value 
Significance level 
Bonferroni 
correction  
Sequential  
bonferroni  
FDR 
 3 plantations  
good site Streblus ilicifolius * 0.00075 0.00075    0.00075  
good site Lagerstroemia floribunda * 0.00075 0.00076    0.00149  
good site Dalbergia cana * 0.00075 0.00077    0.00224  
poor site Dalbergia nigrescens * 0.00075 0.00078    0.00299  
moderate site Mimosa pudica * 0.00075 0.00079    0.00373  
Khun Mae Kham Mee Plantation (KM)     
good site Lagerstroemia calyculata * 0.000658 0.00066    0.00066  
good site Dalbergia cana * 0.000658 0.00067    0.00132  
Wang Chin Plantation (WC)     
good site Streblus ilicifolius ** 0.000133 0.00083    0.00083  
Mae Sa-Roy Plantation (MS);  No indicator species     
Remarks; * P < 0.05, ** P < 0.01, *** P < 0.001 226 
97 Adenanthera pavonina  FABACEAE T 0.12 
98 Canarium subulatum  BURSERACEAE T 0.12 
99 Diospyros mollis  EBENACEAE T 0.12 
100 Glochidion sphaerogynum  PHYLLANTHACEAE S/ST 0.12 
101 Knema globularia MYRISTICACEAE T 0.12 
102 Diospyros castanea  EBENACEAE ST 0.12 
103 Dendrocalamus sp.  POACEAE B 0.12 
104 Bambusa nutans  POACEAE B 0.12 
105 Bauhinia scandens  FABACEAE C 0.12 
106 Cyclosorus interruptus  THELYPTERIDACEAE TerF 0.12 
107 Cleome viscosa  CLEOMACEAE H 0.12 
108 Buchnera cruciata OROBANCHACEAE H 0.12 
109 Flueggea virosa PHYLLANTHACEAE S 0.12 
110 Maesa paniculata  PRIMULACEAE C 0.12 
 100.00 
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The results from TWINSPAN revealed that the understory species were clearly grouped 227 
according to the elevation. The understory in lowland, MS and WC were clustered in the negative 228 
group (group 0). Therefore, the understory in highland, KM, was found to lie in the positive group 229 
(group 1). In sites with moderate and poor quality, the indicator value did not point to the species 230 
indicator. On the other hand, the species indicators for a good site quality in KM and WC were 231 
Dalbergia cultrata and Croton stellatopilosus, respectively (Figure 4). Our results are in 232 
correspondence with Sonchaeng et al. (2012), who found that Croton stellatopilosus was the 233 
dominant species in the WC plantation. Boonsri (2016) found that Dalbergia cultrata was the 234 
dominant species in sites with good quality in the KM plantation (KM01 and KM78). In other areas, 235 
Neeranathpibul and Sangtongpraow (2002) and Forest Industry Organization (2016) reported 236 
Dalbergia cultrata was the dominant species in Mae Had plantation, Phrae Province and Mae Moh 237 
plantation, Lampang Province, respectively. The environmental conditions, which determine the 238 
presence or absence of various plant species in different areas, are different. An ecosystem is the 239 
result of a complex interaction between various biological and environmental factors (Green and 240 
Klinka, 1994). 241 
 242 
 243 
Figure 4 Vegetation types as determined by TWINSPAN. Eigenvalues and indicator species for each 244 
division are shown. For the sample plot; orange alphabets indicate a good site, blue a 245 
moderate site, and black a poor site, respectively.  246 
 247 
Relationships of Site Index, Environmental Factors and Indicator Species 248 
 The results of stepwise multiple regression showed that no significant environmental factors 249 
influenced site index. However, the ordination analysis by Canonical Correspondence Analysis 250 
(CCA) revealed that the environmental factors had high correlation on indicator species occurrence 251 
(r = 0.93).  The increasing of elevation is the main factor to determine the presence of indicator species 252 
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in KM plantation. Dalbergia cultrate, Lagerstroemia calyculata, Dalbergia cana and Dalbergia 253 
nigrescens found in areas where are higher than 348 meters from sea level (m MSL). On the other 254 
hand, the indicator species (Streblus ilicifolius, Lagerstroemia floribunda, Mimosa pudica and 255 
Croton stellatopilosus) were found at low elevation (118 – 185 m MSL) in MS and WC plantation 256 
(figure 5). While the soil properties, unless phosphorus (P) and sodium (Na) were not associated with 257 
the occurrence of indicator species. The increasing of nitrogen (N), organic carbon (C), exchangeable 258 
calcium (Ca) and electrical conductivity (EC) in subsoil (r = 0.67, 0.81, 0.64, 0.58) and topsoil (r = 259 
0.64, 0.61, 0.62, 0.50) were the main limiting factor to determining the presence of indicator species 260 
(figure 5). 261 
 262 
    263 
Figure 5 Canonical Correspondence Analysis (CCA) ordination diagram of environmental factors 264 
and indicator species presence 265 
 266 
CONCLUSION 267 
 Based on the anamorphic site index method, Indicator Species Analysis (ISA) and Two Way 268 
Indicator Species Analysis (TWINSPAN) of three teak plantations in Phrae province, the site index 269 
at base age 30 years old teak trees could be divided into 3 classes, i.e., 24, 21, and 18 for good, 270 
moderate, and poor site quality, respectively. The significant indicator species in the 3 site index 271 
classes were derived from ISA and were found to be Streblus ilicifolius, Lagerstroemia floribunda, 272 
and Dalbergia cana for a good site, Mimosa pudica for a moderate site, and Dalbergia nigrescens 273 
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for a poor site. The results from TWINSPAN showed indicators only in good site quality that were 274 
Dalbergia cultrata and Croton stellatopilosus in Khun Mae Kham Mee (KM) and Wang Chin (WC) 275 
plantation, respectively. According to our results, the site indicator species analysis should be done 276 
in another area to confirm our results. The farmer can apply theses indicator species to determine the 277 
quality of site from theirs appearing in the past or present. 278 
 279 
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